The aim of the study was to analyse the effect of the feed additive alfalfa protein concentrate (APC), on pig health. The trial involved 40 crossbred gilts and 40 crossbred castrates (Polish Landrace × Polish Large White) × Duroc of 29.0 ± 0.5 kg initial body weight. Allocation of experimental animals was into four treatment groups: the control group (C) was fed standard mixtures, without APC addition; group E-15 was fed a basal diet supplemented with 1.5% APC; and groups E-30 and E-30P were fed diets with 3.0% APC inclusion. There were two feeding systems. In the first system, animals of groups C, E-15, and E-30 were fed continuously with suitable mixtures. The second feeding system was used in group E-30P where animals received the experimental or control mixture alternating at two-week intervals. The addition of APC supplement to diets significantly increased (P ≤ 0.05) red blood cell indices, i.e. haematocrit (Ht), red blood cell count (RBC), and haemoglobin concentration (Hb) in growing and finishing periods. The analysis of enzyme activity demonstrated a markedly higher activity of aspartate aminotransferase (AST), alanine aminotransferase (ALT), and especially alkaline phosphatase (ALP) in the blood plasma of pigs fed APC supplement. This increase may indicate a negative impact of APC on the animal's liver. A positive effect of dietary APC on blood lipid parameters was associated with a decreased level of total cholesterol and reduced low-density lipoprotein fraction. Analysis of the haematological and biochemical blood indices demonstrated that APC additive may affect animal health.
Introduction
Phytobiotics and some plant-derived preparations can affect how nutrients and biologically active compounds are metabolised in the animal body (31) . The functional competence and metabolic profile of body fluids and tissues can change in response to feed additives used. Reviews published recently have highlighted herbal plants as dietary supplements (26) , among them alfalfa preparation (2, 3) . Recent studies have underlined its effectiveness on sheep (21, 29) , turkeys (19) , laying hens (12) , broiler chickens (8) , and finally, pigs (14, 15, 22) , where low alfalfa protein concentrate (APC) supplementation in the 2% -3% range caused higher weight gains and better feed conversion. Some research reports emphasise the effect of this preparation on the quality of animal product such as milk (5) and eggs (12) , and on blood metabolic profile in humans (23, 27) . According to Davys et al. (7) , this supplement may also be used as a food additive for humans. APC is very promising, as it contains over 50% crude protein and 1200 -2200 mg of xanthophylls, high amounts of β-carotene, B, C, D, E, and K vitamins, mineral salts, and the elements iron, potassium, calcium, and phosphorus (13) . Besides this, APC is rich in coumarin, isoflavones, naphthoquinone, saponins, alkaloids, phytooestrogens (mainly coumestrol), and L-canavanine (3, 9) . APC is an excellent source of biologically active substances capable of affecting swine metabolism and digestion. Its utility can be evaluated on the basis of swine performance and blood metabolic profile (10) . Some authors (26, 31) indicate alternate periods of supply and withdrawal of phytogenic preparations because of the manner of their metabolising and the effect of numerous biologically active compounds on the gastrointestinal tract microbiome as well as the blood metabolic profile in humans and animals. In the available sources, there are only few data on the effectiveness of APC on swine performance and health and therefore further studies are still needed in this area. The objective of the study was to determine the influence on blood metabolic profile indices of the inclusion of APC in fattener diets both throughout the whole fattening period and only at two-week intervals.
Material and Methods
The trial was conducted on 80 growers, comprising 40 crossbred gilts and 40 crossbred castrates (Polish Landrace × Polish Large White) × Duroc of 29.0 ± 0.5 kg initial body weight, randomly allocated into four treatment groups. The control group was fed standard mixtures without APC addition, group E-15 was fed 1.5% APC supplementation, and groups E-30 and E-30P were fed diets with 3.0% added APC. There were two feeding systems. In the first system, the control, E-15, and E-30 groups were fed suitable mixtures continuously. Under the second feeding system the animals of group E-30P received the experimental or control mixture alternately (at twoweek intervals). The chemical composition and concentration of the active ingredients of APC are shown in Table 1 . Fatteners received complete grower and finisher mixtures (Table 2) , which were analysed to evaluate their basic nutrient content and detergent fibre fraction according to standard AOAC procedures (1) . The animals were penned, five gilts and five castrates in each of two pens in a fattening unit with slatted flooring. The animals had free access to drinkers and automatic feeders (feeding ad libitum). Zoohygienic conditions, i.e. light, temperature, relative moisture, and cooling, were the same for all treatment groups. Blood samples were taken from eight animals (four ♀ + four ♂) from each group twice, when body weights were 50 and 100 kg, the sampling site being the external jugular vein. Pigs from the E-30P group were sampled after 7 d of the control diet supply. Haematological parameters were determined in whole blood using the Abacus Junior Vet analyser (Diatron, Hungary). The parameters of interest in red blood cells were red blood cell count (RBC), haemoglobin concentration (Hb), haematocrit (Ht), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), and mean corpuscular haemoglobin concentration (MCHC). Regarding white blood cells, white blood cell count (WBC) and the percentages of lymphocytes (LYM), middle-sized cells (MID) and granulocytes (GRA) were determined. Blood plasma was analysed for total protein (TP), triacylglycerols (TG), cholesterol (CHOL), high-density lipoprotein fraction (HDL), uric acid (UA), and urea (BUN). Alkaline phosphatise (ALP), lactate dehydrogenase (LDH), aspartate aminotransferase (AST), and alanine aminotransferase (ALT) comprised the metabolic enzymes also determined. The low-density lipoprotein fraction (LDL) was estimated from the Friedewald et al. (11) equation. The analysis of the aforementioned parameters was made using the colorimetric methods and monotests of Cormay (Poland) and BioMaxima (Poland), a Metrolab biochemical analyser (Metrolab, Argentina), and a Cary 50 spectrophotometer (Varian, part of Agilent Technologies, USA). All the data were analysed with Statistica software v.6.1 (StatSoft, USA) (25) . The data were evaluated statistically using a general linear model of analysis of one-way variance. Duncan's test was applied for the multiple comparisons between means, considering P ≤ 0.05 as significant.
Results
Dietary incorporation of APC supplement into diets increased RBC indices of the experimental groups (E-15, E-30, and E-30P) compared to the control (C), i.e. Ht, RBC and Hb in both analysed fattening periods ( Table 3 ). The blood parameters determined for fatteners were found to be within the reference ranges reported by other authors (10, 18) . The WBC count was higher in fatteners from group E-30 as compared to groups C and E-15, and higher lymphocyte and lower granulocyte contents were noted in groups E-30 and E-30P in both analysed periods (Table 3) . Periodic application of the 3.0% APC-supplemented diet for two weeks of fattening followed by a two-week supply of control mixture elevated the WBC count, yet the differences were not significant statistically. However, percentages of granulocytes and lymphocytes were similar to group E-30. Addition of 3.0% APC to diets promoted elevation of protein concentration in blood plasma in both fattening periods, notably in the finishing period, and a like effect was also observed for 1.5% supplementation (Table 4) . Such effect was not manifest in the group fed only periodically with 3.0% APC additive. The activity of AST, ALT, and ALP was markedly higher after APC feed supplementation, especially in group E-30, whereas the LDH activity turned out to be lower in fatteners from the control groups. APC feed additive at 3.0% to the fattener diet heightened the total protein level in blood plasma during the first and second fattening period, whereas 1.5% APC or periodic application of 3.0% APC elevated the level in the second fattening period without significant changes in protein metabolism parameters, like BUN and UA. The analysis of lipid profile indices (Table 5 ) demonstrated a noticeable decline of the TG, total cholesterol, and LDL fraction levels in experimental animals. An important increase in the percentage of the HDL fraction in animals from the three experimental groups was recorded. 
Discussion
The influence of APC on growth performance was studied by Pietrzak and Grela (22) . The authors did not notice any negative effect of APC additive on the growth rate of fatteners. The differences in average daily gains, average daily feed intake, and feed conversion ratio between animals receiving 1.5% and 3.0% APC in their diets were not significant. Among the carcass traits only a larger loin eye area served to show any positive influence of APC at both levels (1.5% and 3.0%). The present study indicated a positive effect of 3.0% APC additive on the Ht, RBC, and Hb blood indices in both analysed fattening periods. Recent studies associate this fact with a high iron level in APC which is readily absorbed and included into human and animal erythropoiesis and with the presence of β-carotene which enhances iron absorption (7, 27) . The studies performed on humans confirmed that the consumption of alfalfa preparations increased the haematological indices, especially in the case of haemoglobin, which can be traced back to more efficient iron absorption (23) . Comparison of these parameters between groups E-30 and E-30P demonstrates that similar effects were obtained and that may imply a more sparing use of APC with similar influence on RBC indices. Considering the immunostimulatory effect of some active ingredients of APC (8) , mainly saponins (6), a reported increase in total WBC count in fatteners from group E-30 is likely to be a beneficial effect of this supplement on the swine immune system. The same influence of alfalfa saponins on the swine immune system was reported by Wang (30) . In his study WBC and RBC counts improved when the pigs were fed 0.5% alfalfa saponins. Das et al. (6) suggest that there is evidence that saponins may stimulate the immune system of animals by increasing the uptake of antigens from the gut and other membranes. The immunostimulatory effect probably depends on the level of saponins in the additive. A higher total protein content in blood plasma without any significant changes in BUN and UA may be attributed to the positive effect of APC supplementation on protein metabolism in the animal body, as other authors suggest (14, 20) . In their studies on 3.0% APC inclusion in fattener diets with lowered protein content, Grela et al. (14) indicated significant improvement in the feed nitrogen conversion rate.
The biologically active compounds in APC also influence the liver metabolism, as higher activity of AST and ALT was determined in blood plasma. A considerable increase in serum ALP activity may be a negative effect on hepatocytes of saponins included in APC. The APC effect on liver function was observed in the studies of Pietrzak and Grela (22) and Grela et al. (14) , which indicated higher liver weight in the fatteners fed an APC-supplemented diet. However, the mechanism of action of these compounds is still unknown, as in experiments on turkeys, Krauze and Grela (19) established impaired AST activity following 3.0% APC addition to the diet. Fatteners receiving an APC-supplemented feed showed lowered total cholesterol content and LDL fraction and this was reported in all experimental groups. The experiment on fatteners conducted by Wang et al. (28) confirmed that alfalfa decreases CHOL and LDL concentrations in the serum of pigs. Xanthophylls and compounds of a similar mode of action reduce lipoxidase activity and decrease blood cholesterol content of animals and humans (27) . The Pakistan studies on rabbits showed elevated concentration of the HDL fraction of cholesterol and lowered fat deposits clogging the arteries (2) . Substantial reduction of total cholesterol and the LDL fraction in the blood of rabbits fed alfalfa concentrate supplement was reported by Khaleel et al. (16) . According to Balch (4) , birds fed alfalfa showed fallen intestinal cholesterol absorption with concurrently promoted steroid and bile acid excretion. Such a response to lucerne feeding is associated with the presence of high quantities of saponins in this plant (6, 16, 24) .
To conclude, the most beneficial APC effect was noted for the red blood cell indices (Ht and Hb). The APC preparation proved to be an effective feed additive, which stimulates the immune system by elevating the WBC count in serum. APC shows hypolipidaemic activity by decreasing total cholesterol level and reducing the low-density lipoprotein fraction (LDL). The obtained results show that the best effects were noted at continuous 3.0% APC supplementation to fattener diets. However, similar effects are obtained at the same level of APC supplied periodically, which seems to be economically better justified.
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